Objectives: The NICPIP trial evaluated the costs and effects of a caries prevention intervention delivered to 2-to 3-year-old children attending dental practices in Northern Ireland. This supplementary study explored the oral health behaviours of children and their parents to help understand the reasons for the trial's findings.
| INTRODUCTION
Although caries experience has been steadily decreasing since the introduction of fluoride, 1 the disease remains widespread, with around 40% of 5-year-old children in the United Kingdom experiencing decay. 2 The most valid predictive factor for caries experience in the permanent dentition is caries experience in the primary dentition. 3, 4 Therefore; preventing caries in early childhood is critical for lifelong oral health.
The Northern Ireland Caries Prevention in Practice (NICPIP) trial measured the effects and costs of a compound fluoride intervention delivered in dental practice which was designed to prevent caries in pre-school children. The clinical findings of the NICPIP trial have been published elsewhere. [5] [6] [7] A key finding was that, even with an 87%
adherence to the preventive intervention, 34% of children developed
caries. This suggests that what happens in the home environment has a greater influence on caries risk than care provided in the dental surgery.
Oral health behaviours have a key role to play in the development of caries. Theoretically, caries should be an entirely preventable disease 8 that can be kept at bay with a sugar-restricted diet and optimal use of fluoride toothpaste. In the case of young children, both of these health behaviours need to be instilled by their parents.
To aid interpretation of the findings of the NICPIP trial, a supplementary, mixed methods study was undertaken with the aim of exploring child and parental oral health behaviours and understanding how these may influence caries risk in pre-school children who regularly use dental services.
| ME TH ODS
The NICPIP trial was a two-arm, parallel-group RCT with 3-year followup delivered in 22 dental practices in Northern Ireland. At baseline, participants were 2-to 3-years old and registered with the participating practices. At each 6-monthly dental check-up, children in the intervention arm had fluoride varnish (22 600 ppm) applied to all primary teeth and were given a toothbrush and a 50-mL tube of fluoride toothpaste (1450 ppm) plus standardized prevention advice based on national guidance. 9 The control group received the same standardized prevention advice alone at their 6-monthly check-up. The primary outcome was conversion from caries-free to caries-active status (measured at the caries into dentine-level), and mean decayed, missing and filled surfaces (dmfs) were a secondary outcome. Trained and calibrated examiners following a standardized diagnostic protocol performed clinical outcome examinations blind to the allocation.
We conducted a mixed methods study nested within the NICPIP trial. Ethical approval was granted as a substantial amendment to the NICPIP trial ethical approval (REC reference number 09/H1008/93).
Participants were the parents of children taking part in the NICPIP trial who provided written consent to participate in the study. Data were collected in two ways: quantitative data via a brief self-completed questionnaire administered when parents attended their child's final clinical assessment for the NICPIP trial and qualitative data via one-to-one telephone interviews with a sample of parents whose children participated in the trial.
The questionnaire (see Appendix S1) consisted of 15 items concerning toothbrushing and snacking behaviours and was developed with the help of the NICPIP public and patient involvement (PPI)
group. The first 7 items were simple questions about toothbrushing behaviour and the consumption of sugary snacks and drinks. There were also two sets of 4 items relating to the automaticity of these behaviours (one set related to toothbrushing behaviour, the other to sugar snacking behaviour). These items were taken from the Self-Report
Behavior Automaticity Index (SRBAI) by Gardner and colleagues, 10 which was based on the 12-item Self-Report Habit Index (SRHI)
developed by Verplanken and Orbell. 11 Verplanken and Orbell 11 argue that "a habit is a form of automaticity, in particular the automatic elicitation of behavior upon encountering specific cues in the context of an activated goal." The SRHI can be used to measure the strength of habit for a single behaviour. Based on the idea that automaticity was the "active component" of habit, Gardner and colleagues extracted the automaticity items from the habit scale to form a shorter 4-item scale which was shown to have comparable levels of validity and reliability to the longer habit scale (a > 0.8). The SRBAI is measured on a scale of 1-7 with a score of 1 representing the strongest level of automaticity. Descriptive analyses were undertaken and logistic regression models were fitted to the dependent outcome variable, whether or not the child had caries, for each oral health behaviour, controlling for NICPIP trial group.
A sample of parents whose children participated in the NICPIP trial was invited to take part in a telephone interview after their children had received their final trial outcome examination. Parents were purposively sampled according to trial group and whether or not their child developed caries. The interviewees all had parental responsibility for the children in the trial and were recruited via NICPIP trial practices located in three geographical regions of Northern Ireland; Belfast, and more rural NHS organizational regions in the south and north of the Province. The socio-economic profile to the trial population is described in the full report of the trial. 5 Recruitment to the interviews was undertaken by Clinical Trials Unit (CTU) staff, who had knowledge of which trial arm the parents' children belonged to and whether or not the child had developed caries. Information on allocation and trial outcomes was not passed on to the interviewer (LOM) who was therefore blind to the trial group allocation and caries status of the participants at the time of the interview. A purposive approach to sampling was adopted; interviewees were selected from four categories: appointments were made for the interviews. Telephone interviews (as opposed to face-to-face interviews) have been criticized because they do not allow the researcher to interpret the participant's visual cues. 12 However, there is some evidence that, in practice, there is no meaningful difference between data yielded via face-to-face interviews and those from telephone interviews 13 Telephone interviewing has been shown to produce rich and high-quality data 14 and to have practical advantages over face-to-face methods. 15 LOM conducted all interviews during the outcome assessment period of the NICPIP trial which lasted for 14 months, using the contact number provided by participants. The interviews continued until data saturation had been reached in each category; that is to say, a high degree of repetition of themes was evident 16 Although the concept of data saturation in qualitative research was originally developed within grounded theory, the meaning has evolved and adopted in other qualitative approaches 17 and used by researchers operating within a variety of approaches. 18 The saturation point in this study was determined at the discretion of LOM when enough depth of information to fully describe the phenomenon being studied was gathered. 19 The interviews were semi-structured, whereby parents were asked about their thoughts, feelings and understandings of their child's oral health as well as about toothbrushing and sugar snacking behaviours. Parents were also asked how they felt being part of the NICPIP trial had affected them. All interview data were recorded and transcribed verbatim and analysed using thematic analysis. 
| RESULTS
The results are presented under the following two subheadings.
First, the quantitative findings of the analyses of the responses to the questionnaire, and second, the qualitative findings summarizing the thematic analyses from the telephone interviews.
| Quantitative findings
Questionnaires were completed by 1058 parents of children who took part in the NICPIP trial. This represented 96.5% of children (n = 1096) whose caries data were analysed in the trial and 84.8%
(n = 1248) of children who were randomized to the groups in the trial. The findings from the questionnaire are summarized in Table 1 , and the odds ratios and 95% confidence intervals are presented for the coefficients of the oral health behaviours. Based on the reported behaviour, most children were having their teeth brushed at least twice daily (n = 945, 89.4%) and the remainder once daily (n = 112, 10.6%). While there were some differences in brushing behaviour between groups, these were not significant. The strength of parents' automaticity for reminding their child to brush was high across all groups, supporting the high levels of reported brushing behaviour.
There were no statistically significant differences in reported toothbrushing or sugar snacking behaviours between the trial groups.
However, there was evidence that the stronger the parents' automaticity for reminding the child to brush, the more likely the child would remain caries-free (Odds Ratio 1.24; 95% CI 1.08, 1.41; P = .002). The majority of children were brushing their own teeth most of the time (n = 670, 63%) rather than having their parents brush their teeth for them, but there was no association between caries occurrence and who brushed the child's teeth (child or parent).
Reported consumption of sweet foods and drinks between meals was high. The majority of children (n = 547, 52%) consumed a sugary snack between meals every day, a fifth of children were having sugary snacks more frequently than this (N = 222, 21%) and a fifth once every other day (n = 215, 20%). Only 7% (n = 63) of children were reported to have a sugary snack once a week or less. Reported sugary drink consumption was also high, with a quarter of children having sugary drinks between meals more than once a day (n = 272, 26%), a third consuming them once a day (n = 342, 33%), 12%
(n = 124) every other day and 29% (n = 307) once a week. These reported behaviours show that sugar consumption between meals was high across the study sample, and there was some evidence that higher sugary drink consumption between meals was associated with changing from a caries-free state to a caries-active one (Odds Ratio 0.88; 95% CI 0.79, 0.98; P = .021). Forty-three per cent of children reported having regular cariogenic bedtime snacks, but there was no evidence of an association with caries. The strength of habits for controlling sugar snacking was lower than for toothbrushing (SRBAI = 3.3), supporting the finding of more reported sugar snacking among participants.
| Qualitative findings
In total, 39 parents were interviewed via telephone; of these, 19
had children in the NICPIP intervention group and 20 had children in the control group. All participants were parents of the children enrolled in the trial: two were fathers and the remaining participants (n = 37) were mothers. The trial allocation and caries status of participants' children are presented in Table 2 . In general, parents tended to report positive attitudes towards brushing both in terms of perceived importance and expected outcomes. Attitudes to sugar snacking were more complex, with parents reporting difficulties in controlling this behaviour. Sugar was described as being something that was "ever present" in their lives. None of the O'MALLEY ET AL.
| 253 parents in the intervention group reported that having fluoride varnish applied to their children's teeth had impacted on their oral health behaviours.
In general, toothbrushing behaviours were reported as being well embedded into routines:
We have toothbrushes and paste in three locations in this house and its mummy and daddy who do the brushing and it happens twice a day. . . they don't mind, its part of their routine, before you go to bed you get your teeth brushed, before you leave the house you get your teeth brushed (participant 12, IGCF)
While sometimes a challenge, toothbrushing was almost always carried out. Parents felt that toothbrushing was an effective health behaviour that would contribute to better dental outcomes for their children:
I had an issue with [child], getting him to brush his teeth because he use to gag and it was really hard you know,
Control group Intervention group
Odds ratio (95% CI) Answered on a scale of 1 (very strongly agree) to 7 (very strongly disagree).
but it was just perseverance because it's really important and it has to be done and now he is ok with it (participant 19, CGC)
Sugar snacking was commonly reported as something parents struggled with; some parents found it difficult to say "no" to their children. For example:
I find it hard to say no because I like chocolate and biscuits too, so we have them in the house. So, I can't tell them no, because I have them (participant 6, CGC)
Other parents felt that it was normal to have sugary snacks regularly:
Yes, they do but everyone has sweets now and again don't they? (participant 24, IGC)
However, across both groups, parents of children without caries tended to report higher levels of self-efficacy for controlling sugar snacking:
I just tell her that she can't have another one until tomorrow and that's it (participant 28, IGCF)
This higher self-efficacy seemed to be supported by rules and structures that parents had set up in order to control sugar consumption. This was achieved by either restricting what was available in the home or through sets of rules which were known to the children. For example:
We don't keep fizzy drinks in the house, we only have orange squash during dinner (participant 8, CGCF)
They know now that they won't get it, you know -not now, you'll have to wait till the time we tell you you're allowed it -so it's easy enough! (participant 15, IGCF)
[he] does have a sweet tooth, but he wouldn't eat treats in the week, it would only be a Friday treat or maybe at the weekend". . ."no, no that's just the rule of the house (participant 32, CGCF)
Understanding of why their children developed or did not develop caries was for most parents the result of oral health behaviours. However, a small number of parents were not clear on why their children had developed caries, either being at a loss for an explanation or attributing it to "bad luck":
I don't know why she got the decay, I couldn't tell you, I
think I have bad teeth maybe and she must have got that from me (participant 9, IGC)
The majority of parents interviewed reported that being involved in the trial was a positive experience, but most felt that the trial did not substantially impact on the oral health behaviours for their children. That is to say, they would have looked after their children's teeth as they did, regardless of being involved in the trial. Based on the interviews, and because there were no statistically significant differences in behaviours reported in the questionnaire between trial groups, there was no evidence that the trial fluoride intervention and participating in the trial had impacted on health behaviours. Any professional impact on behaviour tended to be attributed to regular dental appointments (all were attending on a 6-monthly basis) at which parents and children were given oral health advice by their dentist.
Overall, parents found the advice and information given during the dental visits to be helpful. Most reported that the information was not new, but it was helpful for both parent and child to have it repeated regularly by a health professional. A number of parents, however, commented that they had not known about the advice (for example, not to rinse after brushing) before being involved in the trial.
| DISCUSSION
Toothbrushing occurred regularly for the majority of children in the study, and the strength of parents' automaticity for reminding their child to brush was high across all groups. Parents who reported high automaticity for reminding their child to brush were more likely to have caries-free children. More than half of the children were reported to be brushing their own teeth, despite being younger than the recommended age for carrying out this behaviour unsupervised. 9 The majority of children were consuming sugar between meals, either everyday or more than once a day, and there was a statistically significant association between the frequency of between-meal sugary drink consumption and caries. The interview data tended to reinforce the findings of the questionnaire, in that toothbrushing was reported as being something that was almost always carried out. Controlling the sugar consumption of children was more difficult, and higher levels of self-efficacy were reported for controlling sugar consumption among the parents of children who were cariesfree.
This was a mixed methods study, and the quantitative and qualitative findings were broadly in agreement. This was true for toothbrushing behaviours only, because the interviews covered toothbrushing routines, which can be matched to the toothbrushing frequency questions covered in the questionnaire. It is more difficult to assess agreement between the questionnaire and the interviews about sugar snacking behaviours. This is because the questionnaire focused on the frequency of between-meal sugar consumption, whereas the T A B L E 2 Children of interview participants by trial group and caries status at end of trial | 255 interviews explored the ways in which parents controlled or did not control sugar snacking. The study was not designed to allow direct comparisons between the questionnaire and interview data. While this could be considered a weakness, it is in fact a strength of mixed methods studies. Combining the outputs of qualitative and quantitative methods is problematical, as the phenomena studied by each are not the same; 21 qualitative methods seek an understanding, whereas quantitative methods seek to measure. 22 Using both approaches to measure the same phenomena is not helpful; in this study, we triangulated quantitative and qualitative data to capture different dimensions of the same phenomenon, in this case complex behaviours and caries risk, and not necessarily to cross-validate data.
The response rate to the questionnaire was very high, providing data from most of the NICPIP trial participants. This may have been due to its brevity (15 items), but more likely that the questionnaire was administered to parents when they attended for a final clinical examination as part of the trial. Social desirability bias can impact upon the validity of self-report data, in that respondents answer questions in a way that communicates a perceived ideal rather than an accurate description of behaviour. 23 To guard against this, previously validated measures were used. While the response rate was high for the questionnaire, the interviewees were self-selecting, this may have introduced an element of bias, and it is possible that the interviewees were not truly representative of the NICPIP participants as a whole. However, for qualitative research, obtaining a broad range of views is more important than external validity. The qualitative data collected exhibited a variety of views, which suggests that the responses from the interviewees reflected the spectrum of views and opinions present within the wider trial sample.
A weakness of this study is that it was conducted during the out- This study has important implications for future research and caries prevention strategies. Although the qualitative element of the study was primarily descriptive, a tentative theory emerging from the study as a whole is that toothbrushing with fluoride toothpaste rapidly becomes an automatic behaviour but the preventive effects of fluoride are overwhelmed in a large proportion of children by the frequency of their sugar consumption. Further qualitative research is required to explore and develop emerging theory about the relationship between sugar consumption, fluoride exposure and caries outcomes followed by empirical testing of theory. Empirical research testing complex behaviours related to caries risk are particularly challenging given the reliance on self-reported data on topical fluoride and sugar exposure. [23] [24] [25] When considering caries prevention strategies, the NICPIP trial demonstrated that fluoride interventions delivered in dental practice, to children with high levels of attendance and adherence (86.7% of children attended every 6 months for 3 years in the test group and 84.5% in the control group), produce statistically significant benefits but the effect size was small 6 and, due to the high costs of the dental workforce, of questionable cost-effectiveness. 7 This study suggests that, in this population, behaviour relating to restricting sugar consumption is a greater problem than promoting toothbrushing and attendant fluoride toothpaste use. Few parents seem to make a conscious, articulated decision to restrict sugar consumption in the home, and unplanned and unthinking use of sugar seems to be a major problem in restricting its consumption. Practice-based interventions are unlikely to influence the behaviour of parents and children who are infrequent dental attenders. Community interventions targeted at changing family behaviours in the home have the potential to have a greater impact on caries risk than practice-based, professionally provided interventions, as tested by the NICPIP trial, even for children who frequently attend the dental surgery. More specifically, developing parenting skills to make changes in behaviour to adopt a structured approach to parental supervision of toothbrushing and restricting access to between-meal sugary snacks could make substantial improvements in population oral health.
Regular toothbrushing was seen as important and almost universally adopted from a very young age but reducing the frequency of sugar consumption did not seem to attract the same level of importance for parents and is therefore likely to be more difficult to elicit a positive change in behaviour, even though this has wider health implications over the life course. This points to the importance of developing and evaluating health policies and public health interventions for population-level sugar reduction by addressing the broader socio-economic and cultural influences on sugar consumption. Such interventions would include legislative, fiscal and regulatory changes to disincentivize sugar consumption.
Developing and testing behavioural and public health interventions to reduce sugar consumption at the individual and population level are a major research challenge for dental public health over the next 10 years.
| CONCLUSION
This study revealed in this population that most parents remind their children to brush their teeth as an automatic behaviour, but between-meal sugar consumption is widespread, and many parents found it difficult to restrict their child's sugar consumption. It appeared that parents whose children were caries-free had higher levels of self-efficacy for controlling sugar intake. The results suggest that effective family-level and population-level interventions are needed to reduce sugar consumption if substantial improvements in caries prevention are to be achieved. A twin-track research agenda to reduce sugar consumption is required to develop and evaluate (i) parenting interventions to change family behaviour and (ii) broader health policy and public health interventions to address the wider determinants of high sugar consumption.
